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DIRECTIONAL FLUID LINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 of German Patent Application No. 10 2011 015 388.8,
filed on Mar. 29, 2011, the disclosure of which is expressly
incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a fluid line with an inner contour
that has wave peaks and wave troughs. The wave peaks in
each case have a front flank and a rear flank.

2. Discussion of Background Information

Fluid lines of this type are referred to, for example, as
corrugated pipes. In known corrugated pipes, not only are the
inner contour is provided with wave peaks and wave troughs,
but also the outer contour. An embodiment of this type is
designed to render possible a flexible fluid line which in
particular can be curved with relatively small radii. However,
due to the wave peaks and the wave troughs of the inner
contour, that is, due to the wave peaks projecting inward, a
disruption of a fluid flow occurs. Lines of this type therefore
have a relatively high flow resistance.

SUMMARY OF THE INVENTION

Embodiments of the invention keep flow losses low.

According to embodiments, a fluid line of the type men-
tioned at the outset includes a front flank having a shallower
inclination angle than a rear flank.

This embodiment utilizes the fact that a flow direction in
the fluid line is generally constant. Only a slight deceleration
of a fluid flowing through occurs due to the front flank rising
in a relatively shallow manner. The axial extension of the
wave peak is nevertheless kept low due to the rear flank
sloping downward relatively steeply, so that sufficient flex-
ibility of the fluid line is maintained. The formation of a
quasi-stationary boundary layer can thereby be prevented by
the relatively steep rear flank. This likewise leads to a rela-
tively low flow resistance of the fluid line.

Preferably, the fluid line is embodied or formed as a cor-
rugated pipe and has an outer contour that runs parallel to the
inner contour. A very flexible fluid line is thereby obtained. It
is also possible thereby to already recognize from outside in
which direction a low-flow resistance flow through is pos-
sible, which therefore is the preferred flow through direction.
Incorrect installation is thereby made more difficult.

Preferably, the front flank has an inclination angle in the
range of 50° to 70° and the rear flank has an inclination angle
in the range of 80° to 90°. The inclination angle is thereby
measured between a rotation axis or symmetry axis of the
fluid line and the front flank or the rear flank. The rotation axis
thereby runs parallel to the flow through direction. The front
flank and the rear flank are thereby generally embodied or
formed in a radially continuous manner. An optimized flow
behavior results from a corresponding inclination angle of the
front flank and the correspondingly larger inclination angle of
the rear flank. Flow losses are minimized thereby.

Preferably, the front flank is embodied or formed in a
convex manner. The front flank is therefore curved inwards.
This results in a relatively marked rise of the front flank
starting from the wave trough, while the front flank then
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2

merges uniformly into a tip of the wave peak. This results in
a transition that is as free from turbulence as possible.

Preferably, the rear flank is embodied or formed in a flat
manner. The rear flank thus does not have a convex or a
concave curvature. This results in a precisely defined trailing
edge and in a very simple embodiment.

Preferably, a tip of the wave peak and the wave trough are
embodied or formed in a plateau-shaped manner. The tip of
the wave peak and the wave trough thus run parallel to the
flow through direction in some regions. A good guidance of
the fluid can thereby take place. At the same time, the flex-
ibility of the fluid line can be controlled by means of the axial
length of the plateau-shaped tip and of the wave trough.

It is particularly preferred thereby that the tip has a larger
axial extension than the wave trough. The influence of the
wave troughs on the fluid flowing through is thus kept low.

A flow cross section is determined essentially by the maxi-
mum possible free cross section, which is embodied or
formed between the wave peaks. The influence of the wave
troughs is thereby relatively slight, especially as a transition
from the wave troughs to the wave peaks takes place with a
relatively shallow inclination angle. The relatively steep rear
flank and the short plateau-shaped wave trough are thereby
used to generate turbulences in order to thus avoid the forma-
tion of a quasi-stationary boundary layer between the fluid
flowing through and an inner surface of the fluid line. Overall,
low flow losses are obtained thereby.

Preferably, the fluid line is embodied or formed as an
extruded plastic pipe, in particular as an extruded polyamide
pipe. A fluid line is thus obtained which, while very resistant
to solvents, has sufficient flexibility. At the same time, a high
durability is obtained. The fluid line can thereby be produced
relatively cost-effectively and can also be used in a versatile
manner. The desired inner contour can thereby be produced
with the aid of an extrusion method relatively simply and thus
cost-effectively.

Embodiments of the invention are directed to a fluid line
including an inner contour structured with wave peaks and
wave troughs. Each wave peak has a front flank and a rear
flank, and the front flanks are structured with an inclination
angle, relative to a longitudinal axis, shallower than an incli-
nation angle of the rear flanks.

According to embodiments of the present invention, the
fluid line may be structured as a corrugated pipe and may
further include an outer contour structured to run parallel to
the inner contour.

In accordance with other embodiments, the inclination
angle of the front flank can be a range of 50° to 70° and the
inclination angle of the rear flank can be in a range of 80° to
90°.

According to other embodiments of instant invention, the
front flank can be structured and arranged in a convex manner.

According to further embodiments of the invention, the
rear flank may be structured in a flat manner.

Moreover, a tip of the wave peak and the wave trough can
be structured with a plateau-shape. The tip may have a longer
axial extension than the wave trough.

According to still other embodiments, the fluid line can be
an extruded plastic pipe. Further, the extruded plastic pipe can
be an extruded polyamide pipe.

Embodiments of the instant invention are directed to a
directional fluid line including a corrugated pipe having an
inner contour with wave peaks and wave troughs that are
plateau shaped. The wave peaks have front flanks and rear
flanks, relative to flow direction, oriented at different inclina-
tion angles relative to a longitudinal axis of the corrugated

pipe.
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In accordance with embodiments, the inclination angle of
the front flanks may be less than the inclination angle of the
rear flanks, and a difference between the inclination angle of
the front flanks and the rear flanks can be in a range of 10° to
40°.

According to other embodiments of the invention, the rear
flanks can be generally flat and the front flanks may be convex
surfaces. The convex surfaces can continuously merge into
tips of the wave peaks without an edge or a step. Further, the
inclination angle of the convex surfaces can include an aver-
age of inclination angles along a length of the convex sur-
faces.

In accordance with still other embodiments, the plateau
shape of the wave peak may be longer in the longitudinal
direction than the plateau shape of the wave trough.

Embodiments of the invention are directed to a method of
forming a fluid line. The method includes forming a corru-
gated pipe having an inner contour structured with wave
peaks having front flanks and rear flanks oriented at an
inclined angle to a longitudinal axis of the corrugated pipe.
The front flanks are structured with an inclination angle,
relative to a longitudinal axis, that is less than an inclination
angle of the rear flanks.

According to embodiments, a difference between the incli-
nation angles of the front flanks and the rear flanks can be in
a range of 10° to 40°.

According to other embodiments of the invention, the inner
contour may be further structured with wave troughs, and the
wave peaks and wave troughs can be plateau shaped having
surfaces generally parallel to the longitudinal axis.

In accordance with still yet other embodiments of the
present invention, the forming may include extruding a plas-
tic material. Further, the plastic material can include polya-
mide.

Other exemplary embodiments and advantages of the
present invention may be ascertained by reviewing the
present disclosure and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

The FIGURE illustrates a cross section through a fluid line
according to embodiments of the invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description taken with the
drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied or
formed in practice.

The FIGURE shows a fluid line 1, which is embodied or
formed as a corrugated pipe. Fluid line 1 has an inner contour
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2, which is optimized in terms of flow with respect to a
predetermined flow through direction, symbolized by arrow
3.

Inner contour 2 has wave peaks 4 and wave troughs 5. A
front flank 6 and a rear flank 7 are assigned to or associated
with each wave peak 4. An inclination angle of front flank 6 is
smaller than an inclination angle of rear flank 7. The inclina-
tion angle for flanks 6 and 7 corresponds to an angle between
flow through direction 3 and a surface on respective flank 6, 7.
Since fluid line 1 is generally embodied or formed in a rota-
tionally symmetrical manner, a rotation (and longitudinal)
axis 8 runs parallel to flow direction 3. The inclination angle
can thus also be measured between rotation axis 8 and a
respective one of front flank 6 or rear flank 7.

According to embodiments, rear flank 7 has a substantially
flat surface oriented at an inclination angle of between 80°
and 90°, and preferably approx. 85°. In contrast, front flank 6
is embodied or formed in a convex manner, such that the
inclination angle of front flank 6 changes depending upon the
point along front flank 6 inclination angle is to be determined.
Thus, due to the convex embodiment of front flank 6, the
inclination angle starting from wave trough 5 is initially rela-
tively steep and then flattens out into wave peak 4. An average
inclination angle of front flank 6 is between about 50° and
70°, and preferably approx. 60°.

Wave trough 5 extends over a certain axial length in a
plateau-shaped manner, which is generally parallel to rotation
axis 8. A wave tip 9 of wave peak 4 likewise shaped in a
plateau-shaped manner to generally run parallel to rotation
axis 8. Moreover, tip 9 is extends further in the axial direction
than wave trough 5. In this manner, front flank 6 steadily
merges from wave trough 5 into tip 9, i.e., without the forma-
tion of an edge or step. In contrast, a relatively clearly marked
edge is present at the transition from tip 9 into rear flank 7.
This arrangement leads to the flow separation, such that the
formation of a quasi-stationary boundary layer is prevented.

In this example, fluid line 1 is embodied or formed as an
extruded plastic pipe, and preferably as an extruded polya-
mide pipe. However, other embodiments are also possible.
Thus the fluid line can also have a metallic material, for
example.

An outer contour 10 of fluid line 1 follows inner contour 2,
i.e., it is embodied or formed parallel to inner contour 2. A
relatively flexible fluid line 1 is thus obtained. At the same
time, fluid line 1 can be embodied or formed with a constant
material thickness. A desired flexibility of the fluid line is
thereby obtained by the formation and arrangement of the
wave peaks and the wave troughs according to the embodi-
ments. As a result, a flow resistance is reduced, as compared
to conventional corrugated pipes, by the inner contour being
embodied or formed in accordance with the embodiments.
Thus, flow losses are kept low. Inner contour 2 with wave
peaks 4 and wave troughs 5 can be utilized at the same time to
prevent the formation of a quasi-stationary boundary layer.
Thus, while it is possible to obtain a corrugated pipeline, the
flow losses of which approach those of smooth pipes, i.e., of
lines with cylindrical inner surfaces, fluid line 1 is optimized
for low flow losses in only one flow through direction stream.
However, this can also be utilized to measure a flow direction,
since a flow resistance is dependent on the flow direction. A
flow resistance can be measured relatively easily by a pres-
sure loss occurring.

Overall, fluid line 1 has a flow-optimized and directional
inner contour. Moreover, in accordance with embodiments,
the flexibility of a corrugated pipe can be retained without the
corresponding flow losses previously occurring with corru-



US 9,309,999 B2

5

gated pipes having to be tolerated. Overall, the field of use of
the fluid line in accordance with the embodiments is
expanded thereby.

It is noted that the foregoing examples have been provided
merely for the purpose of explanation and are in no way to be
construed as limiting of the present invention. While the
present invention has been described with reference to an
exemplary embodiment, it is understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated
and as amended, without departing from the scope and spirit
of the present invention in its aspects. Although the present
invention has been described herein with reference to particu-
lar means, materials and embodiments, the present invention
is not intended to be limited to the particulars disclosed
herein; rather, the present invention extends to all functionally
equivalent structures, methods and uses, such as are within
the scope of the appended claims.

What is claimed:

1. A fluid line comprising:

an inner contour structured with a series of wave peaks and

wave troughs; and
each wave peak having a front flank and a rear flank, and
the front flanks being structured with an inclination
angle, relative to a longitudinal axis of the fluid line,
shallower than an inclination angle of the rear flanks,

wherein tips of the wave peaks and the wave troughs are
structured with a plateau-shape, and

wherein the fluid line is structured as a corrugated pipe

comprising an outer contour parallel to the inner con-
tour, is rotationally symmetric to the longitudinal axis,
and is flexible.

2. The fluid line according to claim 1, wherein the inclina-
tion angle of the front flank is in a range of 50° to 70° and the
inclination angle of the rear flank is in a range of 80° to 90°.

3. The fluid line according to claim 1, wherein the front
flank is structured and arranged in a convex manner.

4. The fluid line according to claim 1, wherein the rear flank
is structured in a flat manner.

5. The fluid line according to claim 1, wherein the tip has a
longer axial extension than the wave trough.

6. The fluid line according to claim 1 being an extruded
plastic pipe.

7. The fluid line according to claim 6, the extruded plastic
pipe being an extruded polyamide pipe.

8. A directional fluid line comprising:

a corrugated pipe having an inner contour with a series of

wave peaks and wave troughs having tips of the wave
peaks and troughs that are plateau shaped;
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the wave peaks having front flanks and rear flanks, relative
to flow direction, oriented at different inclination angles
relative to a longitudinal axis of the corrugated pipe, and

wherein the corrugated pipe has an outer contour parallel to
the inner contour, is rotationally symmetric to the lon-
gitudinal axis, and is flexible.

9. The directional fluid line according to claim 8, wherein
the inclination angle of the front flanks is less than the incli-
nation angle of the rear flanks, and a difference between the
inclination angle of the front flanks and the rear flanks is in a
range of 10° to 40°.

10. The directional fluid line according to claim 8, wherein
the rear flanks are generally flat and the front flanks are
convex surfaces.

11. The directional fluid line according to claim 10,
wherein the convex surfaces continuously merge into tips of
the wave peaks without an edge or a step.

12. The directional fluid line according to claim 10,
wherein the inclination angle of the convex surfaces com-
prises an average of inclination angles along a length of the
convex surfaces.

13. The directional fluid line according to claim 8, wherein
the plateau shape of the wave peak is longer in the longitudi-
nal direction than the plateau shape of the wave trough.

14. A method of forming a fluid line, comprising:

forming a corrugated pipe having an inner contour struc-

tured with a series of wave peaks and wave troughs, the
wave peaks having front flanks and rear flanks oriented
at an inclined angle to a longitudinal axis of the corru-
gated pipe,

wherein the front flanks are structured with an inclination

angle, relative to a longitudinal axis, that is less than an
inclination angle of the rear flanks,

wherein tips of the wave peaks and wave troughs are struc-

tured with a plateau-shape, and

wherein the corrugated pipe has an outer contour parallel to

the inner contour, is rotationally symmetric to the lon-
gitudinal axis, and is flexible.

15. The method according to claim 14, wherein a difter-
ence between the inclination angles of the front flanks and the
rear flanks is in a range of 10° to 40°.

16. The method according to claim 14, wherein the plateau
shaped wave peaks and wave troughs have surfaces generally
parallel to the longitudinal axis.

17. The method according to claim 14, wherein the forming
comprises extruding a plastic material.

18. The method according to claim 17, wherein the plastic
material comprises polyamide.
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